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ABSTRACT Black oxide films on Mg-alloy AZ40M were prepared by means of a two-step micro-arc ox-
idation process in electrolytes of 15 g/L Na3PO4+ 3 g/L NaF+5.6 g/L KOH and 20 g/L Na3PO4+5 g/L NaF
with different additions of ferric citrate respectively. The microstructure and composition of the films were
characterized by scanning electron microscope (SEM), energy dispersive spectrometer (EDS) and X-Ray
diffractometer (XRD). The electrochemical corrosion property of the films was assessed by using electro-
chemical impedance spectroscopy (EIS) and potentiodynamic polarization curves in 0.1 mol/L NaCl solu-
tion. Results showed that the concentration of ferric citrate strongly affects the surface morphology, com-
position and thickness of the formed oxide films. The oxide films have good corrosion resistance. The
thicker oxide film with less iron content presents better corrosion resistance.
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法 [29]：将基体材料先在碱性磷酸盐溶液 (15 g/L
Na3PO4，3 g/L NaF及 5.6 g/L KOH)中恒电流微弧氧
化一段时间后，再将样品放入含有不同浓度 (C1：
5 g/L，C2：10 g/L，C3：15 g/L，C4：20 g/L，浓度依次
增加) 柠檬酸铁溶液的磷酸盐体系电解液 (20 g/L
Na3PO4，5 g/L NaF)中恒电流微弧氧化一定时间，电
流密度为 2 A/dm2，占空比为 20%~30%，取出水洗，
烘干，得到黑色的微弧氧化膜层。
采用带有能谱仪 (EDS) 的扫描电子显微镜




































Fig.1 Digital images of MAO layers formed on AZ40M
alloy in the electrolytes with different concentra-








































Fig.3 Surface SEM images of AZ40M magnesium alloy
(a) and the magrified image of area I in Fig.3a (b)
图 4镁合金和经不同电解液中微弧氧化制备膜层后的
XRD谱
Fig.4 XRD spectra of AZ40M Mg alloy before and after
MAO in the electrolytes with different concentra-
tions of ferric citrate



















Fig.2 Average thicknesses of MAO layers prepared in the
electrolytes with different concentrations of ferric ci-
trate































































Fig.5 Surface morphologies of MAO films prepared in the electrolytes with 5 g/L (a), 10 g/L (b), 15 g/L
(c) and 20 g/L (d) ferric citrate
表1不同柠檬酸铁浓度的电解液中制备的膜层的元素组成
Table 1 Elements contents of MAO films prepared in the electrolytes with different concentrations of fer-
ric citrate
图6经不同浓度柠檬酸铁电解液中微弧氧化处理过的镁合金样品在0.1 mol/L NaCl溶液中浸泡20 min后的电化
学阻抗谱
Fig.6 Bode (a) and Nyquist (b) plots of MAO treated AZ40M Mg alloy after immersed in 0.1 mol/L NaCl for 20 min
(the inset is the enlarged view of high frequency region)
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Table 2 Tafel fitted parameters of potentiodynamic polar-
ization curves in Fig.7
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Fig.7 Potentiodynamic polarization curves of MAO treat-
ed AZ40M Mg- alloy after immersed in 0.1 mol/L
NaCl for 30 min
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